Objective: The management of terrible triad injuries has evolved over the last 2 decades to include routine radial head fixation or replacement, reattachment of the lateral collateral ligament, with or without coronoid fixation. Our objective was to determine the likelihood of and factors associated with subluxation or dislocation after operative treatment of terrible triad injuries among a large group of surgeons using current techniques.
INTRODUCTION
The terrible triad injury of the elbow (posterior dislocation of the ulnohumeral joint with associated fractures of the radial head and the coronoid process of the ulna) earned its eponym because of the tendency for repeat dislocation or persistent subluxation leading to arthrosis and stiffness after treatment. 1 In the last 2 decades, operative treatment of this injury has evolved to include restoration of radiocapitellar contact (via fixation or replacement of the radial head), reattachment of the origin of the lateral collateral ligament (LCL) to the lateral epicondyle, with either routine or selective fixation of the coronoid fracture. There is evidence that, at least in experienced hands, these techniques have decreased the occurrence of subluxation or dislocation after operative treatment of a terrible triad injury. [2] [3] [4] A database study including all patients, treated by all surgeons, with variations in fixation strategy would give some indication of what the average patient can expect when treated by the average surgeon in a level I trauma center. The objective of this study was to determine the rate of subluxation or dislocation after operative treatment of terrible triad injuries among a large group of surgeons and to determine whether there are factors related to postoperative subluxation or dislocation. We excluded (1) 219 miscoded patients with no terrible triad injury, (2) 4 patients who had index surgery performed elsewhere, (3) 1 patient treated with closed reduction and percutaneous fixation, (4) 1 patient treated nonoperatively, and (5) 1 patient with no follow-up. The final cohort included 107 patients with terrible triad injuries treated operatively. The operative techniques were at the discretion of the treating surgeon. All patients were followed for a minimum of 1 month and on average 10 months postoperatively.
PATIENTS AND METHODS
We reviewed the electronic medical records of all patients for our response variable: radiographic subluxation of the ulnohumeral joint. We defined subluxation as incongruity of the ulnohumeral joint beyond widening of the joint space. The following patient-related factors were studied: gender, body mass index (BMI), Charlson Comorbidity Index, diabetes mellitus, smoking status, alcohol abuse, open fracture, presence of another fracture in the same limb, presence of another fracture in general, and closed head injury. The following surgery-related factors were studied: delay between injury and surgery, coronoid treatment, LCL treatment, radial head treatment, and medial collateral ligament (MCL) treatment. Eighty-six of 101 patients (85%) were treated within 2 weeks of injury.
Descriptive statistics for explanatory variables were calculated for all groups. There were missing values for some explanatory variables in our review. Comparative statistics among groups were not performed because of the small number of subluxation events.
RESULTS
One hundred of the 107 patients (93%) treated with open fixation of terrible triad injuries had no radiographic subluxation and none had redislocation. Two patients (2%) had slight transient radiographic subluxation (so-called "drop sign" or pseudosubluxation) that corrected with active exercises within the first few weeks of surgery. Five patients (5%) had persistent radiographic subluxation, and 3 treated with a second surgery (3%).
Patients who had subluxation after operative fixation had higher BMI and higher Charlson Comorbidity Index on average than the patients with stable ulnohumeral joints ( Table 1 ). The incidence of subluxation or pseudosubluxation when treated within 2 weeks of the injury was 2% compared with 27% when treated at least 2 weeks after the time of injury ( Table 2 ). The most common treatment algorithm consisted of suture fixation of the coronoid, suture anchor fixation of the LCL, arthroplasty of the radial head, and no fixation of the MCL (Table 3) . However, treatment strategy was not associated with subluxation after accounting for delay between injury and surgery greater than 2 weeks.
DISCUSSION
Terrible triad injuries of the elbow are associated with subluxation or dislocation, stiffness and heterotopic ossification, arthrosis, and ulnar neuropathy. 5 The rate of subluxation or dislocation after operative treatment of these injuries has ranged from 8% to 45%. 1, [6] [7] [8] Attention to restoring radiocapitellar contact and repairing the LCL to the lateral epicondyle, with routine or selective fixation of the coronoid fracture, and, on occasion, repair of the MCL seems to have decreased occurrence of subluxation or dislocation after operative treatment of a terrible triad injury. We studied a large number of patients with a terrible triad injury of the elbow treated by many surgeons with some variation in fixation strategy, to determine the likelihood for subluxation or dislocation after modern surgical techniques.
There are limitations to our study. First, the number of subluxation or dislocation events was small making it difficult to study factors associated with persistent subluxation. Second, length of clinical follow-up was variable, and in some cases short, in this retrospective study, which limits our ability to comment on late subluxation events after operative fixation. Third, we studied patients treated by many surgeons with varying operative techniques, immobilization protocols, and postoperative rehabilitation schemes, which may or may not influence postoperative stability. Finally, our method of data acquisition, by searching ICD-9 codes, may have missed miscoded cases of terrible triad injuries in our system. We found that the risk of recurrent subluxation or dislocation after operative fixation of terrible triad injuries was very low (2%) when surgery was performed within 2 weeks of injury. Our findings agree with a recent series of 52 patients with terrible triad injuries treated with repair of the coronoid, repair or arthroplasty of the radial head, and repair of the LCL, which demonstrated only 2% recurrent dislocation and no subluxations after surgery. 3 We found that the risk of recurrent subluxation or dislocation after operative fixation of terrible triad injuries was fairly high (27%) when surgery was performed after 2 weeks from injury. A prior study comparing acute versus subacute treatment of terrible triad injuries found comparable functional outcomes in patients treated for an average of 7 weeks after injury, provided stability was protected with a hinged external fixator. 9 Since there were likely confounding differences in the patients who received delayed treatment in our study, no conclusions can be drawn about the harm of a delay to surgery from the present study alone.
Patients who had recurrent subluxation or dislocation after operative fixation of terrible triad injuries in our study had higher BMI on average. Patients with higher BMI may be at risk for postoperative subluxation. In these patients, the elbow experiences higher valgus loads when the shoulder is abducted. In addition, splints or hinged elbow braces tend to slip distally if the arm is large proximally and thinner distally, further increasing stress on the operative repair.
Although recurrent subluxation or dislocation was once a scourge of the management of terrible triad injuries, an improved understanding of this injury and modern standard operative algorithms seems to have reduced this to an infrequent event. It is now understood that forearm position during injury is a determinant of injury pattern 10 ; and moreover, coronoid fracture patterns correlate with specific injury patterns. 11 Restoration 12 along with repair of the LCL is crucial to achieving stability. There is biochemical evidence that radial head prosthetic design may differ in stability in terrible triad models. 13 It remains unclear when repair of the MCL is helpful after addressing the radial head, LCL, and coronoid process. Standard repairs may be insufficient to limit the risk of recurrent subluxation or dislocation in patients treated for more than 2 weeks from the time of injury, 4 and in these delayed cases, temporary ulnohumeral cross pinning, external fixation, 9, 14 or internal joint stabilization 15 may be considered.
